Abstract The study aimed to evaluate different rearing media for mass production of rice moth Corcyra cephalonica Stainton (Lepidoptera: Pyralidae) an important host of several bio-control agents. The development and reproductive performance of Corcyra was evaluated to twelve (12) different combinations of food containing maize, wheat, Italian millet and scented rice-alone and fortified with 3% dextrose and yeast. Results showed that the net reproductive rate; innate capacity for increase; number of hypothetical females; daily finite rate of increase; weekly multiplication; and potential fecundity were highest and true generation time and doubling time were shortest in Italian millet (alone/fortified). The performance was better in wheat alone (second to Italian millet) than its fortification with dextrose and yeast and also superior to maize and scented rice. Hence, Italian millet alone or fortified with 3% dextrose and yeast was the most suitable rearing media for mass production of Corcyra. 
Introduction
Corcyra cephalonica (Stainton) (Lepidoptera Pyralidae) is economically an important stored grain pest in Asia, Africa, North America and Europe (Atwal and Dhaliwal, 2008) . Ayyar (1919a) made the first record of C. cephalonica. It is a major pest of rice but also feed on wheat, maize, sorghum, groundnut, cotton seeds, coffee, spices and cocoa beans, and millet (Cox et al., 1981; Allotey and Kumar, 1985; Allotey, 1991a; Kumar and Kumar, 2001) .
Besides being a pest it is the factitious host for 75 natural enemies of which 60 of parasitoids and 15 of predators including a few that are host-specific in nature. It is also served as a host for nematodes and mites (Manjunath, 2013) . Its wide acceptability is unique and turned out to be a boon for mass production of bio-control agents. In South Asia at different commercial insectaries the rice moth, C. cephalonica (Stainton) (Lepidoptera: Pyralidae), is mass reared as a host for egg parasitoids of the genus Trichogramma, the larval parasitoid, Bracon hebetor (Say) (Hymenoptera: Braconidae), and also as prey for the predator, Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae) (Kalyanakumar et al., 2013) . In India, it is being utilized for mass production of number of natural enemies in various bio-control research, developmental and extension units (Jalali and Singh, 1992; Kumar and Jalali, 1993; Li, 1994; Kumar and Murthy, 2000; Jalali et al., 2003; Kalyanakumar et al., 2013) .
Life fecundity table study is the most important technique in the study of insect pest population dynamics and can be used to make quantitative and qualitative evaluation of different hosts. It provides a format for recording and accounting of all population changes in life cycle of species (Shevale, 2003) . In Malaysia life table studies provide the necessary data for mass production of bio-control agent lacewing in pest management programme (Alasady et al., 2010) .
The rearing host diet is potentially important to the nutritional quality of host eggs and the survival of parasitoids released into the environment as biological control agent (Hunter, 2003) . Rearing of Corcyra on efficient food media resulted in production of robust moths and robust eggs. The size of the egg was considered as one of the criteria for assessing the health of the insect. For rearing of egg parasitoids utilization of robust host eggs is important (Pathak et al., 2010) .
Considering wide diversity of food of Corcyra an attempt has been made to study the development and reproductive efficiencies of C. cephalonica Stainton through life fecundity table and finally to evaluate the food quality of different locally available grains in terai region of West Bengal, India, to evaluate the most suitable rearing media for its mass production.
Materials and methods
The experiment was carried out at the laboratory, Department of Agricultural Entomology, Uttar Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal, India, from August to October, 2012 and 2013.
Rearing media
To study the development and reproductive efficiencies of C. cephalonica through life fecundity table analysis, four (4) different types of foods namely maize, wheat, Italian millet and scented rice as solo and fortified with 3% dextrose and yeast were used as rearing media. All the food grains were coarsely crushed for the present experiment. The different combinations of foods taken for the experiments are listed in Table 1 .
Laboratory experiments
The culture of C. cephalonica Stainton was collected from National Bureau of Agricultural Insect Resources (NBAIR), Bengaluru, and the stock culture was maintained in the biocontrol laboratory, Department of Agricultural Entomology, UBKV. Different combinations of food, twelve (12) numbers @100 gms., containing maize, wheat, Italian millet and scented rice alone and fortified with 3% dextrose and yeast were taken in 10 cm diameter plastic jars. Random samples of freshly laid eggs were collected from the stock culture. They were examined under a stereoscope to get uncollapsed eggs for the study. Hundred (100) Nos. of un-collapsed eggs were carefully transferred to the different rearing media. It was replicated 5 times. The open mouth of each jar was covered with a muslin cloth with a rubber band for aeration. It was left undisturbed until emergence of moths.
Insect parameters
Newly emerged males and females were sexed based on labial palpi as proposed by Ayyar (1934) to determine the sex ratio. The developmental period of immature stages (egg to pupa) was recorded. Emergence of moths was recorded daily. The moths emerged from each of the rearing media were kept to mate. The mated pairs were then placed in oviposition cages. The number of eggs laid by each female moth was counted daily and then removed, till the death of the adult. The mean fecundity of the moths of different rearing media was determined.
Life table parameters
Depending upon the sex ratio, rate of female birth (mx) was calculated. The total period of egg to adult emergence, survivability and adult longevity were also recorded. The net reproductive rate ie, number of times a population would multiply per generation was calculated by the formula Ro = Rlxmx. The approximate value of Cohort generation time (Tc) (mean age of mothers in a Cohort at the birth of female offspring) was calculated as TC = Rx lxmx/Ro. From the data on life table, the arbitrary value of innate capacity for increase/ approximate capacity for increase in number (rc) was calculated by using the formula rc = loge Ro/Tc (Langhlin, 1965) . The intrinsic rate of natural increase/innate capacity for increase in number (rm) was then calculated from the value of arbitrary rm by taking two trial values arbitrarily selected on either side of it, differing in the second decimal place by interpolation with the formula, Re
Àrmx lxmx = 1. The values of the negative exponent of e Àrmx as obtained from experiment fell outside the range given in tables of handbooks on mathematics. For this reason, both sides of the above equation were multiplied by factor e 7 to give an equation Re 7-rmx lxmx = e 7 = 1096.6 where, e = 2.71828 (Birch, 1948 and Watson, 1964) . Tables were then constructed ] was also worked out.
Statistical analysis
The data of two year study were pooled and the pooled mean data were used for construction of life fecundity table.
Using the comparative analysis of the development and reproductive efficiencies of C. cephalonica on different rearing media (12 Nos.) selected as Operational taxonomic units (OTUs) involving the parameters obtained from the life fecundity table, the Cluster Analysis was performed by using statistical software SAS (version 9.2). The parameters used in Cluster Analysis were net reproductive rate, innate capacity for increase in number, doubling time, daily finite rate of increase in number and true generation time.
Results
The innate rate of increase in number (rm) was found higher than approximate rate of increase in number (rc) in all the different combinations of food. It is thus suggested that the population had overlapping generations (Southwood, 1978) ( Table 2 ).
The time spent by Corcyra in immature stages was 41-59 days in different rearing media. The duration was shortest in both Maize-dextrose and Italian millet (43 days) and longest on scented rice (59 days) followed by scented rice-dextrose (51 days). The sex ratio reflected female dominance. It was highest in Italian millet-dextrose (1:1.78) followed by scented rice alone and fortified with 3% dextrose and yeast (1.50 in all cases) and Italian millet-yeast (1:1.38). The ratio was lowest in maize-yeast (1:1.04) followed by wheat dextrose (1:1.08). The survival of females at different age interval was highest in wheat and Italian millet (46%) followed by wheat-dextrose (44%) and Italian millet-yeast (42%). It was significantly minimum in scented rice (24%) and scented rice-dextrose (30%). The survivability of females increased with fortification in maize (40% with 3% dextrose) and scented rice (30% and 38% with 3% dextrose and yeast respectively). But in wheat and Italian millet the trend was reverse. The maximum mean progeny production per day ( Table 2 ).
The population increase capacity of the species at each generation, estimated by net reproductive rate, was the maximum in Italian millet-yeast (140.69$/$/gen) followed by Italian millet-dextrose (131.62$/$/gen), wheat (131.17$/$/gen) and Italian millet (114.73$/$/gen). It was only 54.88$/$/gen in scented rice. The intrinsic rate of increase in number, daily finite rate of increase in number and weekly multiplication rate were recorded higher in Italian millet (0.10291$/$/gen, 1.108$/$/day and 2.05$/$/week) followed by Italian millet-dextrose (0.10261 $/$/gen, 1.108$/$/day and 2.05$/$/week); Italian millet-yeast (0.10145$/$/gen, 1.107$/$/day and 2.03$/$/week) and maizedextrose (0.9879$/$/gen, 1.104 $/$/day and 2.00 $/$/week). The population increased in the above media in true generation time of 46.08, 47.56, 48.76 and 46.21 days respectively. The population became doubled in only 6.74-6.83 days on Italian millet (alone and/fortified) and in 7.02 days on maize-dextrose media. It was the maximum in scented rice (7.89-10.72 days). The population can produce more number of hypothetical females on Italian millet-yeast (19794.66$/$/g en) followed by Italian millet-dextrose (17323.82$/$/gen), wheat (17205.49$/$/gen) and Italian millet (13162.77$/$/gen).
From the above results it is found that the egg laying was concentrated in first three days in all the diets. There was a positive relation between the doubling rate with weekly multiplication rate and corrected generation time. On the other hand net reproductive rate had negative relation with doubling and true generation time and positive to weekly multiplication rate (Fig. 1) . Nathan et al. (2006) reported that high-quality eggs of C. cephalonica were found when larvae fed on a high-quality nutritional source. They further added that the performance and the adult emergence percentage were higher when the food was millet followed by wheat and rice corroborates the findings of the present study. Survival rate of C. cephalonica from egg to adult on both maize and groundnut had been reported to be 70% (Allotey, 1991a) , 69% and 48% on millet and sorghum, respectively (Osman, 1984) . In the present study the survival of females at different age interval was 46% in both wheat and Italian millet and 38% in maize. Manjunath (2013) recorded 17.27% adult emergence from crushed rice which confirms the result of present study where it was 24%. He further added that the sex ratio of male to female was 1:1.51 at par with the present result. Bernardi et al. (2000) found net reproductive rate and daily finite rate of increase in number of 124.50$/$ and 1.0599$/ $/day respectively, in the diet contain wheat flour and yeast. However, the results under present studies showed lower net reproductive rate (76.70$/$) and daily finite rate of increase (1.089$/$/day) in wheat-yeast media. It was further added that the net reproductive rate and daily finite rate of increase in number were 129.93$/$ and 0.06616$/$/day respectively, in ground rice and sugar. In the present study the corresponding values were 76.84$/$ and 1.083$/$/day in scented rice-dextrose media. This might be due to difference in rice varieties taken for the study. Shorter development period is a desired trait in the mass production of any insect. The faster development of the insect indicates the efficiency of the rearing medium where Corcyra could develop in a shortest period. Etman et al. (2009) found shorter developmental time on whole wheat flour added with yeast, contradicts the findings of the present study. The mean generation length ranged from 46.08 to 48.76 days was observed on Italian millet which was confirmed by Jagdish et al. (2009) and Pathak et al. (2010) . Manjunath (2013) reported that Pearl millet (Pennisetum glaucum) was The development and reproductive performance of Corcyra The development and reproductive performance of Corcyra the most economical and effective diet followed by sorghum (Sorghum bicolor) in terms of moth production, fecundity and cost. Bhandari et al. (2014) also recommended millet for mass production of Corcyra. The findings of the result of the present investigation followed the works of the earlier workers. Addition of dextrose and yeast to Italian millet and scented rice led to higher level of population increase capacity of Corcyra estimated, on the other hand the rate was in declining order on wheat and maize. Tirthakar et al. (2006) stated that the combination with maize based diet did not express any positive performance which corroborates the findings of the present study.
The life stages giving the statistics on intrinsic rate of a particular species provide insight into characteristic life pattern of that species (Birch, 1948) . Low value of intrinsic rate of increase in number and high mortality indicated lower suitability of C. cephalonica egg production as reported by Alasady et al. (2010) confirmed the result of the present study. On the basis of higher net reproductive rate, intrinsic rate of increase in number, daily and weekly multiplication rate and number of hypothetical females; shorter doubling and true generation time, the order of the most suitable rearing media for mass multiplication of Corcyra is Italian millet-yeast > Italian millet-dextrose > Italian millet > Wheat > Wheat-dextrose > Maize-dextrose. On the basis of potential fecundity or gross reproductive rate the favoured media of Corcyra are Italian-millet-yeast > Italian-millet-dextrose > Wheat > Scented-rice-dextrose > maize > Italian millet.
The Average Linkage Dendrogram in Standardized Euclidean 2 Distance obtained from Cluster Analysis for the twelve (12) rearing media (OTUs) for Corcyra revealed that there were four (4) distinct groups for the different parameters studied. Italian millet (alone/fortified) and wheat (alone) (8, 9, 7, 4) (Fig. 2) formed a group in respect of net reproductive rate, innate capacity for increase in number, doubling time, daily finite rate of increase in number and true generation time. The scented rice (alone/fortified) formed a separate group.
Conclusion
Therefore, it can be concluded that fortification with 3% dextrose/yeast improved the values of all the developmental and reproductive parameters over solo grains in case of Italian millet and scented rice. Italian millet fortified with dextrose and yeast performed the best among the food grains taken in the present study. On the other hand, wheat performance of solo grain was better over fortification with dextrose and yeast. In scented rice all the parameters were significantly lower than the other rearing media and formed a completely separate group in dendrogram. Considering all aspects including local availability of grains and performance, Italian millet alone and/or fortified with 3% dextrose and yeast as well as wheat is proved to be the most suitable rearing media for mass production of C. cephalonica Stainton in terai region of West Bengal, India.
